IL-22 and/or IL-17 in mucosa under steady-state conditions (
). Interestingly, microbial flora colonizing mucosa are required to 13 -18 switch on lasting IL-17 and IL-22 production ( , ) . In absence of these innate lymphocytes, infectious colitis is exacerbated, 15 17 suggesting an operational role of IL-22 and IL-17 in the gut s innate immunity ( , ) . However, the link between TLR-mediated ' 15 17
signaling, Th17-related cytokine production by innate immune cells, and mucosal defenses has not been defined.
The ability of TLR5 signaling to induce mucosal production of IL-17 and IL-22 and thereby promote antimicrobial defense has never been investigated. TLR5 detects flagellins -the main protein of bacterial flagella ( ). Flagellins are expressed by bacteria, particularly 19 pathogenic bacteria, in the gut and the lung and activate epithelial TLR5 signaling ( ). Flagellin expression is switched off as soon as 19 -21 bacteria translocate into the lamina propria ( ). Detection of flagellin molecules represents therefore an alarm signal for subepithelial 22
invasion and/or disruption of the epithelial barrier function. TLR5 signaling is rapidly induced in the lamina propria dendritic cells (DCs) of the small intestine ( ). In the present study, we show that flagellin activates (via DCs) the splenic and mucosal production of IL-17 23
and IL-22 and the subsequent expression of target genes. This TLR5-mediated response was associated with a unique population of immune cells expressing CD127 but not CD3 that resembles LTi cells, LTi-like or NK-like innate lymphocytes. Our findings suggest that CD3 CD127 innate immune cells may be instrumental to the host s mucosal defense through the early production of Th17-related neg + '
cytokines. For bone marrow (BM) chimera, recipient mice were irradiated (1000 1500 rads) and reconstituted 2-to-24h later with BM cells (4 20 --10 cells i.v.). These mice were used at 10 16 weeks post-transplantation and the degree of chimerism was assessed by measuring 
Materials and methods

Mice
diphteria toxin (DTX) as described ( ). Depletion of T cells (about 90 depletion) and NK cells cells (about 72 26
γδ % % depletion) was performed by injecting i.p., 24h prior to flagellin treatment, 100 g mAb specific for TCR chain (GL3 clone) or NK1.1 μ δ (PK136) or irrelevant mAb HB152 as control.
Flagellin administration
LPS-depleted flagellin FliC from (5 g) produced as described ( ), ultrapure LPS from Salmonella typhimurium μ 21 Escherichia coli (serotype 0111:B4, 5 g, Invivogen), or phosphorothioate CpG oligonucleotide (TCCATGACGTTCCTGATGCT, 5 g, Eurogentec) diluted μ μ in PBS were injected i.v. or i.p to mice.
Flow cytometry and sorting
Spleens were digested with collagenase D (Roche, 0.5 mg/ml), DNase I (Sigma 40 g/ml) during 10 min at 37 C. Cells were stained μ°f or CD127-FITC, CD45.1-FITC, CD45.2-PE, PE-conjugated lineage-specific antibodies (CD3, B220, Gr1, CD11b, CD11c), MHCII-PE, NK1.1-PercP-Cy5.5, CD4-APC, CD11c-APC, and CD45.1-Pacific Blue (Becton Dickinson, BioLegend and eBioscience) and sorted on a BD FACSAria .
PreAmp kit (Applied Biosystems). cDNA was amplified using SYBR Green-based real time PCR ( ) or commercial TaqMan  Table S1 assays (Applied Biosystems). For high throughput analysis, Taqman Low Density Arrays (Applied Biosystems) were used. Analysis was carried out using Real Time StatMiner software (Integromics). Relative mRNA levels (2 ) were determined by comparing (i) the the mediastinal and inguinal lymph nodes and, to a lesser extent in the liver ( and ). LPS was initially shown to promote Fig. 1 Fig. S1 Il22 expression in many tissues ( ). We found that LPS also enhanced the Th17-related innate response but to a lesser extent than flagellin 29 did ( and ). Although TLR9-mediated signaling activated the response in lymph nodes, it was devoid of any effect in the spleen.
The flagellin-dependent response was transient and peaked at 2h; mRNA levels returned to baseline levels after 24h ( ). ). These genes encode pleiotropic and Th17-promoting cytokines (TNF-, IL-1 , and IL-6), chemokines that are specific levels rose significantly in serum and spleen from flagellin-treated animals whereas IL-17A was hardly detectable in serum but rose 3-fold in the spleen. In conclusion, TLR5 signaling in lymphoid tissues promotes the rapid production of the innate cytokines IL-17A, IL-17F and IL-22 -a pattern which resembles a Th17-related innate response. We next sought to determine which c chain-dependent innate immune cells are involved in TLR5-mediated response. Recent work γ has suggested that innate lymphocytes expressing IL-7R (i.e. the CD127 or IL-7R chain and the CD132 or chain) and LTi/NK cell were the most potent producers, since and mRNA levels were 100-to 1,000-fold higher in this population than in Lin NK1. and IL-22 cytokines following TLR activation.
TLR5-mediated innate responses require chain-dependent immune cells
TLR5-mediated activation of Th17-related innate responses requires dendritic cells
To determine whether the TLR5-mediated upregulation of Th17-related innate response is a direct innate lymphocyte activation process or requires DC stimulation, diphtheria toxin (DTX)-mediated ablation of CD11c cells was performed in a 
TLR5 signaling triggers an intestinal, Th17-related, innate response
Since Th17-related cytokines are important in the control of inflammation and infection in the mucosa ( , , ), we next 3 -6 38 39 assessed the impact of flagellin administration on intestinal tissues. Flagellin strongly enhanced the production of IL-22 within 2h of administration from the duodenum to the proximal colon; the level then returned to the baseline at 8h ( ). CCL20 synthesis was also Fig. 5 strongly induced in the small intestine ( ). In contrast, gut IL-17A production changed moderately following flagellin treatment. pattern was also observed in lung tissue, but regression to baseline levels was not observed at 8h, suggesting that the kinetic may be TLR-mediated innate immune cell activation different in the respiratory tract ( ). In conclusion, systemic flagellin administration promotes mucosal Th17-related innate Fig. S5 responses.
We used the same type of analysis than for the response in spleen and lymph nodes to investigate the effects of flagellin on mucosa.
The gut and pulmonary flagellin-mediated Th17-like innate response was stronger in WT than in WT animals (
and ). These findings indicated that TLR5-competent hematopoietic cells are also instrumental in the mucosal response. DC Fig. S5 depletion impaired the upregulation of the intestinal Th17-related signature ( Fig. 5D  Fig. S5 ).
The flagellin-induced transcriptional signature has features of Th17-and TLR-mediated responses
To further characterize the response to flagellin, we performed a microarray time course analysis of gene expression in the distal ileum of treated mice. Biological processes including signaling and defense pathways, cytokine-and chemokine-mediated immunity, NF-B κ signaling, granulocyte-and macrophage-mediated immunity, cell proliferation and differentiation and apoptosis were significantly modulated 2h-8h after flagellin administration ( and ). On the basis of these data, we arbitrarily defined 5 groups of genes Table S2 according to their potential role in the gut immune response ( ). The first group of genes encodes modulators of IL-17 an IL-22 Table 1 production as well as differentiation of 
Discussion
The way in which TLR signaling activates the host s innate defenses during mucosal invasion by pathogens is subject to debate. In the ' present study, we showed that TLR5 signaling induces systemic and mucosal innate expression of the Th17-related IL-17 and IL-22 cytokines by stimulating Lin CD127 cells in a DC-dependent manner. Overall, our data suggest that Lin CD127 cells may play a neg + neg + major role as innate lymphocytes in the early orchestration of a TLR-dependent, protective response to mucosal invasion by pathogens.
Th17-related cytokines contribute to adaptive immunity in response to various inflammatory and infectious diseases ( , , , ); 5 6 30 39 however, their impact on the early phase of infection is poorly understood. The effect of TLR signaling on IL-17 and IL-22 was previously suggested since their synthesis was enhanced after administration of TLR2 and TLR4 agonists ( , ). Very recently, TLR5 signaling 12 29 was also associated to such response ( ). Here, we analyzed the immune response to the TLR5 activator flagellin, with a focus on 40 mucosa. Our rationale was that since flagellin expression is specifically restricted to luminal compartment, its desequestration is likely to be an alarm signal for mucosal invasion ( ). We found that systemic flagellin administration promotes the swift, intense, transient + cytokines in a process that depends on gut flora, chain and ROR t ( , ). Moreover, the LTi-like cells were shown to upregulate the treatment enhanced the transcription of the genes coding for CD14, LPB, MAL and TLR2 ( and ). These findings suggest that Table 1 S2
responsiveness to TLR2 and TLR4 agonists may be re-activated or amplified after TLR5 stimulation, allowing the production of a second wave of effectors.
The relevance of TLR5 signaling in defense has recently been assessed. Flagellin-mediated protection of rodents and non-human primates against lethal irradiation was associated with CSF3-mediated granulopoiesis and the anti-apoptotic effect of SOD2 ( ). In conclusion, the present study found that Lin CD127 cells constitute a rapidly reacting, innate source of IL-17A, IL-17F and neg + IL-22 in response to TLR signaling. We hypothesize that this immune reaction occurs during microbial penetration into the lamina propria and stimulates innate effectors to locally clear the infection. Similar cell populations have been identified in humans ( , ) and so it 14 16 remains to be seen whether TLR stimulation can promote activation of these innate immune cells. in Mann-Whitney test relative to PBS group. In panel E, all genes display <0.05 in Limma test. P 0.05 P Fig. 2 The interleukin receptor chain is required for the TLR5-mediated, Th17-related innate response γ c Mice (n 3 4) were treated i.p. with PBS or flagellin. Lymphoid tissues and serum were sampled 2h after injection for the quantification of Il17 Il22 C57BL/6 (A C) or SCID mice (D E) mice (n 3 4) were treated i.p. with PBS or flagellin. Spleens were sampled after 2h for cell sorting and mRNA levels levels are expressed relative to input cells.
Fig. 4
Dendritic cells regulate TLR5-dependent, Th17-related innate responses C57BL/6 chimera mice (n 4) were injected i.p. with 100ng diphtheria toxin (DTX) or untreated (no DTX). are given as means SD. Mann-Whitney test relative to PBS group was used in A and B. Limma test was used in C to E panels. Supplemental Table II o, similar expression relative to mock animals; , upregulation relative to mock animals; -, downregulation relative to mock animals; , data from a com
±
animals.
